The main objective of this paper is to provide thirteen (presumably) new summation formulas for the series 4 F 3 of unit argument expressed in terms of Gamma functions. As special cases of our main results, we also present twenty four summation formulas for the terminating 4 F 3 (1), whose further special cases are derived to give thirty two known summation formulas for the terminating 3 F 2 (1). The results presented here are established with the help of a general result recorded in the book of Prudnikov et al. and the generalization of Watson's summation theorem obtained earlier by Lavoie et al..
Introduction and Preliminaries
Throughout this paper, let C, N and Z − 0 be the sets of complex numbers, positive and non-positive integers, respectively, and N 0 := N ∪ {0}. The natural generalization of the Gauss's hypergeometric function 2 F 1 is called the generalized hypergeometric series p F q (p, q ∈ N 0 ) defined by (see [1] , [8, p. 73 (α 1 ) n · · · (α p ) n (β 1 ) n · · · (β q ) n z n n! = p F q (α 1 , . . . , α p ; β 1 , . . . , β q ; z),
where (λ) n is the Pochhammer symbol defined (for λ ∈ C) by (see [9, p. 2 
and p. 5]):
(λ) n : = 1 (n = 0) λ(λ + 1) . . . (λ + n − 1) (n ∈ N) = Γ(λ + n) Γ(λ) (λ ∈ C \ Z − 0 ), and Γ(λ) is the familiar Gamma function. Here an empty product is interpreted as 1, and we assume (for simplicity) that the variable z, the numerator parameters α 1 , . . . , α p , and the denominator parameters β 1 , . . . , β q take on complex values, provided that no zeros appear in the denominator of (1.1), that is, (β j ∈ C \ Z − 0 ; j = 1, . . . , q).
For more details of p F q including its convergence, its various special and limiting cases, and its further diverse generalizations, among an extensive literature, one may refer to [1, 3, [8] [9] [10] .
It is worthy of note that whenever the generalized hypergeometric function p F q (including 2 F 1 ) with its specified argument (for example, unit argument) can be summed to be expressed in terms of the Gamma functions, the result may be very important from both theoretical and applicable points of view. Here, the classical summation theorems for the hypergeometric series 2 F 1 such as those of Gauss and Gauss second, Kummer, and Bailey; Watson's, Dixon's, Whipple's and Saalschütz's summation theorems for the series 3 F 2 and others play important roles in theory and application. During 1992-1996, in a series of works [4] [5] [6] 
B 2,0 := (c − a + 1)(c − b + 1) + c(c + 1); 
Here
It is noted that the special case of (1.3) when i = j = 0 yields the classical Watson's summation theorem (1.2).
We outline the contents of this paper. In Section 2, we obtain thirteen new summation formulas for the series 4 In Section 3, we present twenty four (presumably) new summation formulas for terminating 4 F 3 which are certain to have not been recorded in the existing literature.
In Section 4, we recall thirty two formulas for terminating 3 F 2 which are derived here in a different method from that in Lavoie et al. [4] .
Summation formulas for
Here we establish thirteen (presumably) new summations formulas for 4 F 3 (1) asserted in the following theorem.
Theorem 2.1. Each of the following summation formulas holds true: 
1,
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where D
(1)
, (2.14)
Now, the first 3 F 2 on the right-hand side of (2.14) can be evaluated with the help of (1.2) and the second 3 F 2 on the right-hand side of (2.14) can be evaluated with the aid of a formula obtained from (1.3) in which a, b and c are replaced by a + 1, b + 1 and c + 1, respectively, and i = 1 and j = −1 in the resulting identity are chosen. Then, after a little simplification, it is easy to see that the right-hand side of (2.14) is equal to that of (2.1). This completes the proof of (2.1). The other formulas (2.2)-(2.13) can be verified by using a similar argument of the proof of (2.1). So the details of their proofs are omitted.
Terminating summation formulas
Setting b = −2n (n ∈ N 0 ) and replacing a by a + 2n (n ∈ N 0 ) or setting b = −2n − 1 (n ∈ N 0 ) and replacing a by a + 2n + 1 (n ∈ N 0 ) in (2.1)-(2.13), we find that one of the two terms of the right-hand sides of the resulting summation formulas will vanish. Then we obtain twenty four (presumably) new terminating summation formulas for 4 F 3 (1), which are recorded in the following theorem.
Theorem 3.1. Each of the following summation formulas holds true: 
2 a n c + 
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2 a n c − 
where 
Special cases
Here we consider further special cases of the results in Section 3, which are known identities and, for completeness, recorded in the following theorem.
Theorem 4.1. Each of the following summation formulas holds true: 
